Moreover, a quantitative knowledge of the normal stimulus of gray is obviously of fundamental importance to the practical technologic problems of rational color specification; it must be, in fact, the basis of the solution of the problem of defining "white" light. Nevertheless, it does not appear that any serious attempt has been made heretofore to determine this stimulus experimentally.
The concept of a "black-body" energy distribution as a definition for the stimulus of "white" was definitely proposed by H. E. Ives in 1910. He also showed that the energy distribution of "average dayhght" could be represented by a "black body" at about 5000°K, and inferred, without any rigorous demonstration or attempt at experimental proof, that this definition of " average daylight" might be considered interchangeable with the definition of "white light. (2) The field viewed was not large enough to permit of good color discrimination. (3) Sufficient care was not taken as to standard conditions of observation, particularly in avoiding the effect of previous fatigue." (4) The method of observation (adjustment by trial) was not good. ' The elementary concepts upon which the present investigation is based are these T^absolute temperature of source; [Voi. 17 In the present instance we are interested only in relative energies which are given by any arbitrary value of c,. Throughout this paper we accept 14350 micron-degrees as the value » of c^. We express wave length in millimicrons (w^u^aneter X io"»), and temperature in degrees K (absolute temperature = centigrade + 273)- (2) All common incandescent solid light sources (oil and gas flames, electric incandescent lamps, both carbon and metal filaments) as well as the sun conform approximately to the Planckian formula. (3) The energy radiated by an incandescent source at comparatively low temperatures (say, 1000°K) evokes the sensation known as red, which changes through orange and yellow as the temperattu-e rises until, for very high temperatures, the sensation approximates "gray" or "white," the hueless sensation of brilliance.
(4) The theoretical spectral distributions of light from a complete radiator at various temperatures may be represented as shown in (3) The absolute intensity is chosen to give a medium comfortable brilliance, such as to give no conspicuous afterimages in the dark; and it was determined that considerable positive and negative departures from this intensity had no effect on the results. In the second method of observation" the brilliance was maintained approximately constant for all spectral distributions. (4) The observations are conducted in a dark room and the observer's eyes are further protected by an eye shade following the contour of the face. The observer is kept in the dark about 10 to 15 minutes before observations begin in order to eliminate the effect of previous fatigue." (5) The observer selects by one method or another^^the spectral distribution which for him evokes the gray or hueless sensation.
He is asked to distinguish between "cold bluish white," "white," and "warm yellowish white."
It will be observed that, while these conditions are to a certain extent arbitrary, they are probably the most rational ones to impose in a preliminary investigation of limited extent, and they at any rate approximate closely the conditions of observation in colorimetry with instruments of usual design and methods of use. Papers, No. 30s, pp. 184-185; 1917. i«Cf. J. Op. Soc. Am., 4, p. 471, Fig. 8 Fig. 4 . The actual apparatus used was part of the Arons chromoscope ** with an auxiliary quartz plate and nicol, as shown in Fig. 5 , the auxiliary parts being placed between nicol P" and the source. The auxiliary nicol and the nicol P", with the auxiliary 0.500 mm plate between them, play, respectively, the parts of nicols i and 2 in Fig. 4 The spectral distribution of a source is modified by rotatory dispersion by allowing the energy to pass through the system of nicols and quartz plates shown in Fig. 4 , which system is equivalent to a blue filter of adjustable spectral transmission, the adjustment being made by rotation of the nicol 3 , as will be further explained below. lUumiiiation is obtained from two 300-watt, gas-filled tungsten lamps in a magnesia-lined box disposed as shown in Fig. 4 . These lamps are operated at a constant current previously determined » Aim. d. Phys. (4) . 89, pp. 545-568; 1912 The curve is narrower; that is, relative to a complete radiator, the light has an excess of greenish yellow. [Vol.17 There is a hump in tlie blue-green.
From the above it follows naturally that there is no value of 2 for which the light from the apparatus (Fig. 5) This conclusion has been verified by direct observation in attempting to determine the color temperature by observation of the angle 02-However, we have determined the value of 0, required to give the closest approach to color match ; that is, the green-purple contrast mentioned just above. We then reason as follows:
We would obtain this same value of 02 for a distribution represented by the dashed curve in Fig. 9 , while the approximation to color match in this case would be closer.
We would obtain this same value of <f).^f or a Planckian distribution having the same wave length of center of gravity as the dashed curve, and the color match would be perfect. Fig.   4 ; nicol A, Fig. 5 his eyes closed at the ocular imtil signaled by the operator in charge of the experiment, when he opens his eyes and announces his decision as to whether he recognizes the sensation as "blue," "white," or "yellow." While the observer's eyes have been closed the operator has set 4>2 to correspond to a given temperature of the hypothetical source (calibration curve. Fig. 8 ) and has also rotated the nicol P" (Fig. 5) , together with the auxiliary plate and nicol, to a position previously determined to make the brilliance for this value of 0, approximately the same as given by J other values of 0, with other corresponding rotations of P".
That is, for each value of 0. , P" is rotated so as to produce approximately the same brilliance for observations at all temperatures.
Having made these settings and noted that the current in the lamps has its correct standard value, the operator says: "Look" or "Ready, look." The observer opens his eyes and answers, "Blue," "White," or "Yellow," depending upon the sensation evoked, and immediately closes his eyes again. Fig. 12 ).
III. EXPERIMENTAL RESULTS

1, EFFECT OF PREVIOUS SELECTIVE FATIGUE
Preliminary trials by the first method showed that the results were afifected to a noticeable degree by the previous stimulus acting on the observer's eye. For example, the author when recording his own observations in a lighted room and, consequently, looking at the record sheet between observations, found his results ''^I n future work it will be desirable to choose, in addition to these, several more temperatures at smajlei intervals on each side of the transition temperature.
The order of setting the temperatures appears to influence the apparent precision with which the stimulus of gray is determined, but not the final value found. If the order of setting is from extreme to median temperatures the observer (1. G. P.) answers white for a greater range of temperature than if the reverse older is followed.
In the case of observers C. A. S. , H. J. M., and M. K. F., the usual order has been from median to extreme temperatures. In the case of I. G. P. several orders have been followed. This question of the order of setting deserves further study.
to vary with the illumination on the sheet, as shown in Table i Table 2 under the caption" Average stimulus for gray." The stimuU, which, according to these curves (Figs. 13a and 136) , will always be recognized as blue or yellow are also specified in Fig. 1, open circles) H. E. Ives's (Trans. I. E. S., pp. 198, 202; April, 1910) H. P. Gage ("Dayllte" glass, Sibley Jour, of Eng., 30, No. Compare Fig. 13 and Table 2. / " It should be noted that the -wave length of center of gravity (Xc) considered here is, in every case, that computed from our tentative standard of average visibility (dotted curve, Fig. 2 ) and is not referred to the observer's own individual visibility. In further work it will be desirable-to compute also X" rom each observer's individual visibility and attempt to correlate each observer's stimulus for gray with his visibility.
Compare Sec. Ill, j. The spectral distributions of these stimuli and of some common artificial sources are shown in Fig. 15 .
The average noon sunlight derived from Abbot's data is accordingly found to be a close approximation to the stimulus for gray. However, it is to be noted that this average sunlight does not conform strictly to a Planckian ("black-body") spectral distribution, and on this account, as well as on account of the small difference in Xc, the color match may not be perfect.
The spectral distribution of sunlight at the earth's surface in the winter or in the morning or evening departs notably from a
Planckian distribution in such a way that the colors by simultaneous contrast are: Sun, pale greenish yellow.
Complete radiator, pale purple. While, relative to the tentative gray found in this investigation, Ives's "average daylight" would be slightly yellow, it is quite possible that a more extensive statistical investigation would show it to be a good representative gray. Gage's "average daylight" (6500-7000°K) is definitely and unambiguously blue. This conclusion has been confirmed by direct experiment by the method of answers applied to this stimulus.^* It was called blue 10 times out of 10, the observer (H. J. M.) being tinder the impression that the trials were being made with the variable rotatory dispersion stimulus, and that the stimulus was being changed. (and often utilitarian) purposes. Careful consideration reveals the fact that these are the same data needed in order to advance "pure" science in the matter of elucidating the phenomena of color perception. The purpose of this appendix is to direct attention to this comparatively neglected field of research in the hope that it may act as a stimulus to more intensive cultivation. Occasion is also taken to point out, in this connection, the general utility of the "method of answers" used in the preceding paper.
This outline is to be regarded merely as the tentative result of an attempt to set in order, in a preliminary way, the subject matter dealt with. It (C) Hue sensibility-the least change in frequency (or wave length) perceptible as a change in hue. [3] (Hue sensibility must also be determined as a function of purity. [4] (Cf. Watson, Proc. Roy. Soc, London, B, 84, pp. 118-121; 1911.) (D) Saturation sensibility-the least change in purity perceptible as a change in satination. [4] (E) The three "primary sensations." [5] (F) The time rates of adaptation -growth and decay of sensation with duration of stimulus -"persistence of vision." [6] (G) The names for colors evoked by homogeneous stimuli. [7] " A classified bibliography follows this Appendix. In order to fully serve the purpose noted tmder II (3) above, it will further be necessary that the above data from each observer be correlated with his reactions to certain tests previously recommended and more or less generally used in the routine diagnosis of color-blindness.
In the author's opinion, the more important of these tests are : [13] conditions. I would, however, propose in place of these a test, the essential features of which may be outlined as follows:
A test range would be provided, at opposite ends of which would be an actual standard railway signal lantern and the subject being tested. The length of this range should be the distance at which the engineer must recognize the signal in order to properly control his train.
The subject being stationed and his attention directed to the lantern, the signals shown and the time of showing would be automatically recorded on a chronograph record. [Voi. t? The subject would indicate his reaction by suitably prescribed motion of a lever (which might imitate the engineer's throttle lever), and the time of this reaction would be recorded on tlie same chronograph record.
Determinations should be made at several intensities, and a number of determinations should, of course, be made for each individual.
It will be observed that a notable merit of this proposed test lies in the fact that it records not only the subject's decision as to the signal, but also the time it took him to make the decision, which is a vital factor in this case.
IV
It is obvious that in order to yield the maximum information all of these characteristics should be determined for the same subjects.
It is also obvious that they should be correlated with reference to the following variables as to the subjects: (i) race, (2) sex, (3) age. The first question that arises is which of the above characteristics is it most important to determine on the same large group of individuals in order (i) to build up a consistent theory of color vision, (2) to elucidate the phenomena of "color-blindness" and its practical diagnosis, and (3) to provide the most needed data for practical colorimetry? These, in the author's opinion, are the ones listed under I, i, A to E and I, 2, A to E, together with the practical tests for "color-blindness" under III. In regard to the determination of the several characteristics as a function of the intensity of the stimulus, it appears that this should not be undertaken for the whole group, but rather in a very limited way as a subordinate auxiliary investigation. For the general investigation a standard intensity giving a comfortable brilliance high enough to avoid the Purkinje effect and low enough to avoid conspicuous or persistent afterimages should be chosen.
Likewise, the effect of field size should be studied in a similar limited subordinate investigation. The standard field size for the large group should be about 3 to 3.5°.
Similar remarks apply to other affecting conditions and circumstances, such as adaptation, previous fatigue, and simultaneous contrast, all of which may be studied in a limited way on small groups and suitable standard conditions chosen to apply to the large group.
In regard to determinations as a function of frequency (or wave length), such determinations should cover the whole group.
Visibility (I, i, A above), the "three sensations" (I, i, E above), and "hue sensibility " (I , I , C above) should be determined at from 20 to 30 points in the spectrum . "Contrast sensibility" or "photometric sensibility" (I, i, B above) determinations might be limited to 3 (perhaps 5) homogeneous lights and "white "light (I, 2, Eabove).
The number of frequencies at which determinations of purity sensibility should be made will probably require a preliminary study.
Spectral colors should be named (I, i, G above) In this section it is proposed to make a generalized suggestion relative to the experimental method of determining the psychophysical functions previously enumerated. Theauthoris of theopinion that the "method of answers" described in the preceding paper, modified slightly to suit each particular case, would be advantageously applicable to most, and indeed probably all, of these determinations. The observer answers "Yes" or "No," meaning thereby that the sensation is or is not evoked. The experiment proceeds in a manner quite similar to that described in the preceding paper. The probability of answering "Yes" and the probability of answering "No" are then plotted against the intensity of the stimulus (size, spectral composition, and duration being constant), or against any one of the variables, the others being constant. Equality of the probabilities of "Yes" and "No " evidently determines in a most rational manner the ' ' just preceptible stimtdus, ' ' while the slope of the curve indicates clearly the abruptness of the change from visible to nonvisible as the intensity of the stimulus changes.
As another example we may take the determination of least perceptible contrast (photometric sensibility). The operator sets the photometric field as to relative inten- •8 In connection with the preparation of this section the author wishes to acknowledge the value of suggestions made by Dr. P. V. Wells, who, after reading the preceding paper, advised emphasizing the more general applicability of the "method of answers."
[Voi. 17 sity of stimuli in the two halves, the field being obscured by a shutter during this operation.
He uncovers the field and asks the observer's decision. The observer answers: " right," "left," or "matched," meaning thereby, respectively, "tlae right half is brighter," "the left half is brighter," or "the field is matched." The "right," "left," and "matched" probability curves are then plotted against the ratio of intensities of stimuli in a manner quite analogous to the "blue," "yellow," and "white" curves in the preceding paper. Obviously, such curves will show contrast sensibility in a most definite and readily intelligible manner.
The same procedure will probably be found a valuable means of heterochromatic photometry, including the determination of the visibility of radiant energy. Similar examples might be given for hue sensibility, saturation sensibility, etc., but it would involve a quite needless repetition of words; the reader can readily infer the slight modifications of method that would be made to suit each particular kind of determination.
It may or may not prove of interest later; but it is perhaps worth pointing out that by applying this same method we should be able to determine two other chromatic transition temperatures for the Planckian radiator, namely, red-yellow and blueviolet, analogous to the yellow-blue transition determined in the preceding paper.
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For general summarized information, see:
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